The magnetospheric chaos hypothesis: a new point of view of the














Conference	 proceedings	 of	 the	 2nd	 Panhellenic	 Symposium	 held	 in	 Democritus	 University	 of	
Thrace,	Xanthi	 ‐	Greece,	26‐29	April	1993.	 In	this	study,	G.P.	Pavlos,	 initially	 inspired	from	the	
theory	 of	 self	 organization	 of	 Prigogine	 [1]	 and	 Nicolis	 [2],	 proposes	 the	 hypothesis	 of	
magnetospheric	 chaos	 believing	 that	 the	 classical	 theory	 of	 plasma	 statistics	 and	 plasma	
instabilities	 are	 not	 able	 to	 describe	 efficiently	 the	 holistic	 character	 of	 magnetospheric	
dynamics.		The	translation	of	this	study	in	English	language	is	significant	concerning	the	history	




Recent	evolutions	 oncerning	the	 ag etospheric	chaos
Afterwards,	 Baker	 [3]	 introduces	 the	 chaotic	 modeling	 of	 dripping	 faucet	 fitting	 it	 into	
magnetospheric	 dynamics.	 Moreover,	 T.	 Chang	 introduces	 powerful	 theoretical	 tools	 and	
concepts,	 like	 renormalization	 theory	 and	multiscale	multifractal	 process	 in	 relation	 to	 chaos.		
Till	then	there	was	a	series	of	studies	concerning	the	hypothesis	of	magnetospheric	chaos	which	
supported	 the	 concept	 of	 a	 magnetospheric	 strange	 attractor	 (Vassiliadis	 [4],	 Pavlos	 [5]	 and	
c m n 	
others).		
	 In	 parallel,	 a	 serious	 criticism	 was	 developed	 against	 the	 the	 hypothesis	 of	




The	 proceedings	 of	 the	 1st	 Panhellenic	 Symposium	 are	 included	 in	 the	 Proceedings	 of	 the	 2nd	
Panhellenic	 Symposium	 held	 in	 Democritus	 University	 of	 Thrace,	 Xanthi	 ‐	 Greece,	 26‐29	 April	
1993,	edited	by	Fr.	G.	Anagnostopoulos,	Xanthi	1994.		
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discrimination	possibility	between	signals	of	 colored	noise	 and	 low	dimensional	deterministic	
chaos.	 	 Many	 scientists	 were	 discouraged	 from	 this	 negative	 criticism	 and	 	 drew	 away	 from	
magnetospheric	chaos	hypothesis,	considering	that	the	magnetospheric	signals	correspond	to	a	
form	of	pseudochaos	and	to	colored	noise.	In	order	to	answer	to	this	criticism,	G.P.	Pavlos,	in	a	
series	 of	 studies	 established	 faithfully	 the	 magnetospheric	 chaos	 developing	 a	 preliminary	
methodology	 for	 the	 discrimination	 between	 colored	 noise	 and	 deterministic	 chaos.	 In	 this	
effort,	 G.P.	 Pavlos,	was	 essentially	 assisted	 by	 the	Greek	 scientist	 A.	 Tsonis.	 	 So,	 in	 the	 period	
1990‐1999	G.P.	Pavlos	in	collaboration	with	L.	Karakatsanis,	M.	Athanasiou,	D.	Kugiumtzis	and	
other,	 created	 a	 solid	 theoretical	 framework	 and	 algorithms	 which	 made	 possible	 the	
discrimination	 between	 stochasticity	 and	 chaoticity.	 	 The	 results	 of	 this	methodology	 showed	
faithful	 evidence	 for	 the	 existence	 of	 magnetospheric	 chaos	 and	 were	 published	 in	 various	
scientific	 journals	 [5].	 These	 tools	 and	 algorithms	 were	 also	 used	 from	 G.P.	 Pavlos	 and	 its	
collaborates	(A.	Iliopoulos,	L.	Karakatsanis	and	others)	in	order	to	trace	deterministic	chaos	also	
in	 other	 complex	 dynamical	 systems	 (Solar,	 Earthquakes,	 Human	 brain)	 apart	 from	
magnetospheric	 dynamics	 [6‐9].	 	 The	 second	 serious	 objection	 against	magnetospheric	 chaos	
came	from	the	rapidly	growth	and	acceptance	of	Self	Organized	Criticality	(SOC)	(anafores)	by	
many	 scientists.	 The	 theories	 of	 SOC	 and	 Chaos	 were	 considered	 initially	 two	 contradicting	










which	 are	 under	 preparation,	 the	 dynamics	 of	 space	 plasma	 is	 placed	 between	 a	 broader	
theoretical	 framework	 of	 complexity	 theory,	 connected	 with	 the	 fractal	 generalization	 of	
dynamics,	scale	relativity,	strange	kinetic	theory	and	the	fractal	form	of	space	–time	according	to	
Nottale	 [17],	Castro	 [18],	Coldfain	 [19],	El	Naschie	 [20],	Cresson	 [21],	 Zelenyi	 [22],	Milovanov	
3]	and[2 	other	scientists.		








plasma	 dynamics	 can	 play	 a	 basic	 role	 in	 the	 understanding	 of	 new	 theoretical	 ideas	 under	
progress,	 such	as	 fractal	generalization	of	Dynamics,	 strange	kinetics	and	anomalous	diffusion	
which	 in	 general	 are	 the	manifestation	 of	 the	 self	 organization	 process	 and	 the	 emergence	 of	




these	 first	 ideas	 for	magnetospheric	 chaos	which	were	presented	 from	G.P.	Pavlos	 in	1988,	as	
well	as	the	importance	of	the	significant	and	novel	concept	of	self	organisation	process	in	space	
plasmas.		
	 In	 the	 following,	we	 present,	 in	 English	 translation,	 the	 hypothesis	 of	magnetospheric	
chaos,	as	it	was	stated	in	1988	(at	the	Proceedings	of	the	1st	Panhellenic	Symposium	on	SOLAR	











currents,	 plasma	 sheet	 thinning,	 earthward	 injection	 of	 energetic	 electrons	 and	 ions,	 energetic	
bursts	 in	magnetotail,	high–speed	bursty	earthward‐tailward	plasma	 flow	 (500‐1000	km/sec)	 in	






This	 concept	 is	 not	 unreasonable	 since	 modern	 physics	 in	 its	 three	 stages:	 	 relativity,	
quantum	mechanics	and	non‐linear	(far	from	equilibrium)	thermodynamics,	has	revealed	that	any	








to	 the	 class	 of	 dissipative	 chaotic	 systems.	An	 important	 consequence	 of	 chaos	 theory	 for	 these	
systems	 is	the	possibility	of	existence	of	strange	attractors	 in	the	dynamical	phase	space.	When	a	





the	 hope	 for	 future	 achievements,	 supports	 our	 suggestion	 that	 chaos	 theory	may	 constitute	 a	
powerful	tool	for	a	global	comprehension	of	magnetospheric	dynamics.	According	to	this	concept,	
the	 central	 question	 to	 be	 answered	 through	 chaos	 theory	 is	 how	 much	 the	 transition	 of	 the	





The	 hypothesis	 of	 the	 holistic	 behavior	 of	 the	magnetospheric	 system	 can	 be	 related	 to	 recent	
results	concerning	Chaos	theory	concerning	conservative	or	dissipative	systems	[24].	Chaos	theory	
has	 already	 been	 used	 in	 the	 magnetospheric	 physics,	 regarding	 the	 chaotic	 behavior	 of	 the	
electron’s	population	according	with	the	tear	mode	instability	[25].	However,	in	this	study	we	will	
study	 the	 relationship	between	 the	magnetospheric	dynamics	and	 chaotic	physics	using	another	
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Where	 are	 the	macroscopic	or	microscopic	quantities	of	 the	 system	and	Xi k are	 the	m	control	
parameters	 of	 the	 system.	 These	 equations	 are	 known	 as	 “flow”	 equations	 in	 the	 phase	 space	



























According	 to	 the	previous	paragraph,	 the	magnetospheric	 system	 is	open	and	 exchanges	matter	
and	 energy	 with	 the	 ionosphere	 and	 the	 solar	 wind,	 staying	 far	 from	 equilibrium.	 This	
characteristic	 places	 the	 magnetosphere	 among	 the	 dissipative	 chaotic	 systems,	 for	 which,	 a	
significant	consequence	of	Chaos	theory,	the	existence	of	 low	dimensional	attractors	 in	the	phase	
space	 	is	possible.	Depending	on	the	system	and	on	the	parameter’s	values	(which	usually	
determine	 the	distance	 from	 the	 thermodynamic	 equilibrium),	 the	attractors	are	 categorized	as	
point	 attractors,	 limit	 cycle	 or	 torus	 attractors	 (simple	 attractors),	 and	 chaotic	 or	 strange	
attractors	with	intense	stochastic	character.	Figure	1	shows	the	shape	of	a	chaotic	attractor	known	





small	perturbation	(noise)	can	be	amplified,	 leading	the	system	 into	 instability	and	removal	from	
its	initial	state.	In	the	cases	of	simple	attractors,	the	autocorrelation	of	the	variables		
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magnetic	 substorms,	 according	 to	 Hones	 model	 (b).	 The	 similarity	 between	 the	




as	 ,	while	 the	 Fourier	 transformation	 of	 the	 power	 spectrum	 indicates	 a	 state	 of	


























the	 possibility	 of	 the	 transformation	 of	 the	 partial	 differential	 equations	 which	 describe	 a	
continuous	physical	 system	 (e.g.	a	 fluid)	 into	 equations	of	 the	 form	of	1.1,	 that	 can	be	 easily	be	
studied	as	 far	as	 the	existence	of	attractors	 is	concerned	(R.	Sagdeev	et	al.,	1988).	Characteristic	
examples	of	 this	 transformation	are	 the	Rayleigh‐Benard	 convection	and	Lorenz	model.	 In	 these	
cases,	 the	 form	 of	 the	 hydrodynamic	 equations	 which	 were	 studied,	 aren’t	 very	 different	 from	
corresponding	 equations	 concerning	 the	magnetohydrodynamics	 of	 the	magnetospheric	 physics.	
This	 relation	 is	 shown	 in	 Figure	 2,	 where	 significant	 analogies	 can	 be	 seen	 concerning	 the	
hydrodynamic	flow	around	a	block	and	the	magnetospheric	plasma	flow	in	Earth’s	magnetospheric	















	 For	 specific	 values	 of	 the	 equation	 parameters	 the	 existence	 of	 a	 chaotic	 attractor	 is	
possible,	as	shown	in	fig.	3,	with	the	two	characteristics	of	the	chaotic	attractors	being	obvious:	the	
sensitivity	to	initial	conditions	and	the	instability	of	the	nearby	trajectories.	However,	the	analogy	
of	 the	 simple	hydrodynamic	models	with	 the	magnetospheric	 system	 is	not	 total,	 since	 there	 is	a	
difference	 which	 consists	 in,	 apart	 from	 the	 flow	 of	 momentum‐mass	 and	 heat	 there	 is	 also	
convection	 of	magnetic	 flow	and	 energy.	Thus,	 in	 fig.	2	we	have	 to	point	 out	 the	 following:	 the	




dynamics	 supports	 the	 hypothesis	 of	 this	 study.	 Namely,	 that	 chaos	 theory	 could	 represent	 a	
convincing	 hypothesis	 concerning	 the	 magnetopsheric	 dynamics	 as	 a	 whole	 or	 from	 a	 single	
perspective.	Furthermore,	a	result	that	enforces	this	hypothesis	is	the	amplification	of	turbulence	in	
the	phase	of	the	magnerospheric	substorm	development	 [28]	 	 together	with	 the	strengthening	of	
the	magnetospheric	system	with	the	solar	wind,	through	the	reinforcement	of	the	daily	magnetic	
reconnection.	
	 In	 addition,	 the	 question	which	 is	 to	 be	 studied	 through	 chaos	 theory	 is	 the	 following:	
whether	 the	 transition	 of	 the	magnetospheric	 system	 from	 the	 stable	 state	 to	 the	 development	
phase	 and	 afterwards	 to	 the	 bursting	 phase	 of	 the	 magnetospheric	 storms,	 corresponds	 to	 a	






the	 magnetospheric	 physics.	 These	 problems	 concern:	 The	 sources	 and	 especially	 the	 supply	
mechanism	of	 the	magnetosphere	with	solar	and	 ionospheric	plasma,	 the	 transportation	of	mass	
and	 energy	 inside	 the	 magnetosphere	 as	 well	 as	 in	 its	 environment,	 during	 calm	 periods	 or	
magnetospheric	 storms,	 the	 storage	 of	 the	 tranferred	 plasma	 and	 energy	 and	 the	 dissipation	
mechanism	 during	 the	magnetospheric	 storms,	 the	 activation	 and	 the	 propagation	 of	 energetic	
8 
particles	 which	 cause	 the	 magnetospheric	 bursts,	 the	 development	 of	 plasma	 instabilities	
(magnetohydrodynamic	micro‐	 and	macro‐instabilities)	 and	 its	 relation	 to	 the	magnetospheric	
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